muscles it may also occur in the foot, thigh or buttocks, according to the site of arterial obstruction, and sometimes must be distinguished from foot strain and sciatica. It occurs in the upper part of the limb when obstruction is in the aorta or iliac arteries. In general, trophic changes in the extremities are less the higher the obstruction in the arterial tree, though wasting of calf muscles may be prominent. Colour changes are important, though with the limb at rest and horizontal they are often absent. Rubor on dependency is a sign of severe and long-standing ischiemia but if replaced by pallor on elevation indicates patency of the distal arterial tree. Persistence of rubor or cyanosis irrespective of posture indicates obstruction of the distal vessels by embolism or secondary thrombosis often initiated by trauma or sepsis and in these circumstances gangrene is imminent. Rest pain varies with ischemia. It increases with the severity of the ischoemia and decreases with improvement of blood supply. Rest pain is in fact an cxcellent gauge of the efficacy of treatment. It is a sinister symptom and unless it can be relieved gangrene will occur within three to six months.
With regard to sepsis and ulcers in the ischemic limb, the nature of the discharge indicates very readily the chances of healing in a particular case. If the disease is frankly purulent-if in fact the pus is "laudable"-then the blood supply is adequate because production of such pus is part of the process of repair. If, however, the discharge is watery, then healing is improbable.
As to the indications for sympathectomy in atherosclerosis, sympathectomy will increase the blood flow in the distal part of the limb and will usually double the resting flow. Exercise demands a seven-to ten-fold increase, and therefore sympathectomy cannot be expected to have any effect on intermittent claudication. Nor has it. In the presence of trophic change in the toes sympathectomy is a useful measure if for some reason a graft cannot be done. When rest pain is present a careful assessment must be made, as failure of sympathectomy to relieve this symptom is a serious matter.
We use the following test to determine the effects of the operation for rest pain. The patient is confined to bed and encouraged to exercise his leg freely. Sympathetic release is encouraged by vasodilators, alcohol, reflex heating of the trunk and the use of barbiturates to achieve deep sleep. If after a week of this regime pain is eased, then a sympathectomy is advised. If it is not, then amputation is recommended.
Renal Artery Stenosis
By KENNETH OWEN, M.S., F.R.C.S. London ATHEROMATOUS disease within the renal artery has lately aroused considerable interest not primarily because of its effect upon renal function, which may be slight except when thrombosis occurs, but because the ischmmic kidney may cause hypertension similar to that produced in experimental animals by the Goldblatt clamp (Goldblatt, 1937) . Apart from the theoretical interest of this lesion as a cause of hypertension'it is of considerable practical interest in that surgical treatment of the renal artery disease may produce reversal of the changes of apparently progressive malignant hypertension.
Atheroma of the renal artery may occur witho6t other obvious manifestLtioi's of 'afterial disease or" it may be associated with other atheromatous lesions and it was the investigation by aortoRajh9 of patients with'aortic and iliac disease that dreW atteiWion 'to tfie renal changes and the possibility'of surgical trieatment.'
In 1956 Professor Rob and I operated upon a patient aged 39, who presented with symptoms of aortic thrombosis-severe buttock claudication and inability to maintain an erection. He had a blood pressure of 205/1 10-and an aortogram ( Fig. 1) revealed thrombosis of the aorta from the level of the renal arteries downwards, with stenosis of the left renal artery. At operation both renal arteries were stenosed. Aortic reconstruction was pOerformed and an attempt made to perform a thrombo-endarterectonly on both renal artberies. This was successful on the right side but-was not possible on the left and the left kidney was-removed. The patient's claudication was relieved and he is now, three years after operation, normotensive.
Such cases raised the possibility of occult renal arterial lesibnis being a cause of hypertension.
A number of cases have now been described in which surgical treatment of such a lesion has produced apparent cure of progressive hyper- tension, the biggest series being those of Poutasse (1956) and DeCamp and Birchall (1958) .
At St. Mary's Hospital Professor W. S. Peart has become interested in this problem and the investigation of hypertensive patients for such a lesion has led to the discovery of a number of cases. There are as yet no adequate figures from which to assess the incidence of renal arterial disease in the etiology of hypertension but, whatever the incidence, it is worthy of consideration with other potentially curable causes of hypertension such as phaeochromocytoma.
Diagnosis
(1) Clinical.-There is often nothing in the clinical history which differs from the usual history of a hypertensive patient but there may be an absence of a family history, the patient's age may be outside the usual range for malignant hypertension, or there may be a history of pain in the loin suggesting renal infarction.
On physical examination there is one sign which is suggestive of the disease-the finding of a systolic murmur over the renal artery on abdominal auscultation.
(2) Intravenous pyelogram.-A slight difference in size or function between the two kidneys may need a much more critical evaluation than in assessing the usual renal causes of hypertension. An interesting finding in one of our patients was a consistently increased pyelographic shadow on the affected side, probably due to normal tubular function in the presence of impaired glomerular filtration.
(3) Divided renal function studies. -Mueller et al. (1951) demonstrated that the first alteration in renal function produced by experimental ischmmia is a depression of the urinary sodium concentration. This forms the basis of the Howard test (Howard et al., 1956) in which renal function tests are performed simultaneously on ureteric catheter specimens. In the present series water excretion, sodium and chloride concentration and creatinine and PAH determinations have been done. The most significant finding has been depression of the sodium and water excretion on the affected side. A number of practical difficulties were encountered in the performance of this test, the greatest being the collection of complete specimens from each side without a leak to the bladder around the catheters. Levinsky and Berliner (1959) suggested that alteration of urine composition does occur in the bladder so that a calculation based on the assumption that the bladder urine is unchanged renal urine may not be valid.
The success of these studies has been due to the great patience of Dr. J. I. D. Robertson.
(4) Arteriography.-This is essential to the diagnosis. These investigations have been performed by Dr. David Sutton and the lesions have been demonstrated by percutaneous aortography or by selective catheterization of the renal arteries through a femoral artery. The lesion usually occurs in the proximal part of the artery, close to the aorta (Fig. 2) , and may be associated with post-stenotic dilatation. The kidney may be demonstrably smaller and areas of infarction seen. Although the radiological appearances are extremely valuable they should not be regarded as diagnostic of a functional stenosis without other supporting evidence, including the demonstration at operation of a lowered arterial pressure or blood flow distal to the stenosis. In several cases radiological defects in the artery have been unassociated with any demonstrable ischmmia, and in one case it was evident that the interference of flow produced on arterial catheterization had resulted in artefactual stenosis.
(5) Renal biopsy.-In most cases renal biopsy has been only of retrospective value, the biopsies being taken as part of the definitive operative treatment. Pre-operative percutaneous biopsy would seem theoretically valuable but in the pertinent cases biopsy was particularly difficult because of a very small kidney or an aberrant blood supply.
(6) Arterial pressure measurements.-As soon as the renal artery and aorta are exposed at operation simultaneous pressure recordings using a capacitance manometer are made with needles in the two vessels. In cases of true stenosis an appreciable pressure gradient has been demonstrated, a difference which disappears or is markedly reduced after surgical treatment.
Treatment
The simplest surgical treatment is nephrectomy, which may be indicated in patients of poor general condition or following a failed conservative operation. It has been advocated when the kidney is grossly atrophic on the side of the stenosis but there is as yet no evidence as to the degree of atrophy which is irreversible.
In most patients it seems desirable to perform a reconstructive arterial operation and restore normal bilateral renal function. The kidney on the affected side may be potentially better than the opposite kidney as it is protected from secondary hypertensive changes by its stenosis. Various operations have been suggested and it is too early to assess their respective merits fully.
(a) Thrombo-endarterectomy.-The removal of the plaque from the renal artery together with any thickened aortic intima at the origin of the vessel is a relatively quick and straightforward operation. It may occasionally, however, be difficult to gain access to the origin of the vessel on the right side because of the close relationship of the vena cava and left renal vein.
(b) Renal artery re-implantation.-The artery may be divided and anastomosed to a fresh site in the aorta. Alternatively, side-to-side anastomosis of the renal artery to the aorta may be performed below the level of the stenosis. When the stenosis is in the middle of the artery it may be excised with end-to-end anastomosis.
(c) By-pass grafting.-A by-pass graft may be inserted from the aorta to the distal renal artery. An alternative on the left side is to anastomose the splenic artery to the distal renal artery after removing the spleen.
Other more complicated operations have been suggested but it would seem probable that one of the procedures mentioned will give the most satisfactory results.
During the operation the aorta is clamped obliquely so as not to interrupt the blood flow to the opposite kidney.
Results
In 5 cases where the lesion was proved at operation there was no operation mortality or morbidity. A bilateral case is described above. This patient, treated by nephrectomy on one side and thrombo-endarterectomy on the other remains normotensive three and a half years after operation.
Two similar male patients, one aged 48 and the other 50, with severe progressive hypertension and marked retinal changes have been treated by thrombo-endarterectomy. In one of these patients this was followed by thrombosis, necessitating nephrectomy on the affected side. In both patients the blood pressure dropped from pre-operative levels of 230-240/150 to 130/90 and the eye changes regressed, one patient within six months and one nine months following operation.
A female patient aged 48 with a pre-operative blood pressure of 220/120 was treated by nephrectomy, rather than by a conservative operation, as she had a small kidney on the side of the stenosis and lived abroad where follow-up would be difficult. Her blood pressure has become normal three months after operation.
A male patient aged 40 with a pre-operative blood pressure of 210/110 has been treated by side-to-side anastomosis but the operation is too recent for any assessment to be made.
Although the follow-up period in these patients is relatively short it is probable that specific relief of the hypertension has been obtained. The fall in blood pressure is probably not merely the result of a non-specific operation as it occurred slowly during the months following operation.
